T uberculosis (TB) remains one the world's major causes of illness and death. The World Health Organization estimates that 9.27 million new cases of TB occurred in 2007, causing approximately 1.3 million deaths (1) . Taiwan has an intermediate burden of TB with a prevalence of 111 per 100,000, an incidence of 63.2 per 100,000, causing 3.4 per 100,000 deaths in 2007 (2). In 2006, Taiwan reported the highest rates of incident and prevalent ESRD requiring hemodialysis in the world at 418 and 2226 per million population, respectively (3). The annual incidence of TB in the Taiwanese dialysis population was 493.4 per 100,000 in 1997, which was 6.9 times higher than that of the general population (71.1 per 100,000) (4) . Overall 1-year mortality in dialysis patients with TB was higher than in the general TB population (27.3% versus 13.0%, P Ͻ 0.05), but deaths attributable directly to TB were not different (1.7% versus 1.9%, P Ͼ 0.05) (4) .
TB remains an important factor in the morbidity and mortality of hemodialysis patients. It is well known that ESRD is accompanied by disturbances of the immune system (mainly the T lymphocyte and the antigen-presenting cell), thereby increasing susceptibility to infections (5, 6) . The interaction between the T lymphocyte and the macrophage plays an important role in the response to Mycobacterium tuberculosis (6) . Studies have shown that the relative risk for active TB in ESRD patients is increased from 7 to 25 times (4, 7, 8) . In addition, diabetes is a major cause of ESRD (causing over 40% of incident ESRD (3)) and results in an increased risk (2 to 4 times) of active TB (9) . Therefore, ESRD patients with diabetes are at dual risk of developing active TB.
Recommendations to screen dialysis patients for latent TB infection intend to reduce transmission of TB in these high-risk settings (9) where patients spend long periods together, thus increasing the transmission potential (10, 11) . The prevalence of latent TB infection in ESRD patients varies from 11% to 63% using the tuberculin skin test (TST) (12) (13) (14) . The TST may grossly underestimate the prevalence because of the high rates of cutaneous anergy (up to 44%) (10, (15) (16) (17) and is limited by a low specificity, with cross-reactions to Bacille-Calmette-Guérin (BCG) vaccination and exposure to nontuberculous mycobacteria.
IFN-␥ release assays are recently developed T cell-based whole blood tests for the diagnosis of latent TB infection (18) . QuantiFERON-TB GOLD (QFT-G) (2nd generation) uses ELISA to measure the IFN-␥ release of sensitized T lymphocytes in response to M. tuberculosis-specific antigen, early secreted antigenic target 6, and culture filtrate protein 10. QuantiFERON-TB Gold in-tube test (QGIT) (3rd generation) has an additional antigen, TB 7.7. These tests have many advantages over the TST (19, 20) in terms of higher specificity and less cross-reactivity in the BCG-vaccinated population and nontuberculous mycobacteria infections. It also demonstrates better correlation with exposure to M. tuberculosis and better performance in immunocompromised patients, including patients with HIV infection and rheumatoid arthritis (21) (22) (23) . Only a few studies have evaluated the performance of IFN-␥ release assays in diagnosing M. tuberculosis infection in renal dialysis patients. These studies were done in developed countries with a low incidence of TB (24 -26) . One study in Japan evaluated the utility of QFT-G in the diagnosis of suspected active TB in dialysis patients (27) .
A pilot study done in Taiwan by our group in 2004 (28) showed a high prevalence of latent TB infection by TST (62.5%), QFT-G (40.0%), and the ELISPOT test (46.9%). This study aims to (1) investigate the prevalence of latent TB infection in dialysis patients in a country with an intermediate burden of TB using the 3rd generation QGIT and the TST, and (2) determine risk factors associated with QGIT and TST positivity.
Materials and Methods
This cross-sectional study was approved by the hospital institutional review board and recruited hemodialysis patients attending one outpatient hemodialysis unit at the Kaohsiung Veterans General Hospital, a medical center in southern Taiwan, in October 2008. Of the 190 patients eligible for the study, 93 (49.0%) consented. Patients with active TB were excluded from the study.
An interview and questionnaire collected basic demographic information, BCG vaccination, past TB disease, and TB contact data and recorded serum albumin levels drawn within 3 months. Whole blood (3 ml) was drawn before intradermal testing. The QFT-G test (Cellestis Limited, Melbourne, Australia) was performed according to manufacturer's instructions. Briefly, 1 ml of blood was drawn into vacutainer tubes coated with saline (negative control), peptides of early secreted antigenic target 6, culture filtrate protein 10, TB 7.7, or phytohemagglutinin (PHA, a positive mitogen control). Tubes were incubated for 16 to 24 hours at 37°C, centrifuged, and plasma was frozen until ELISA for IFN-␥ production was done. QFT-G Analysis Software, available for download from the Cellestis Ltd. website (29) , was used to for quality control assessment and to calculate the test results. A positive result was defined as an IFN-␥ response to TB antigen of Ն0.35 IU/ml above the background level and at least 25% of the background IFN-␥ level in the absence of high background level (Յ8.0 IU/ml). Indeterminate results were defined as IFN-␥ response to TB antigen of Ͻ0.35 IU/ml or Ͻ25% of the background level, and either a background IFN-␥ level of Ͼ8.0 IU/ml or an IFN-␥ response of Ͻ0.5 IU/ml above the background level to PHA (30) .
A two-step TST was performed using 2 tuberculin units (TU) of tuberculin RT-23 (PPD RT-23 SSI, Statens Serum Institut, Copenhagen, Denmark) according to the Mantoux method. One experienced study nurse read the reactions after 48 to 72 hours. A positive TST was defined as an induration of Ն10 mm. If an initial TST was negative, a second TST was placed 1 to 3 weeks later to detect a booster response. The booster phenomenon is thought to represent remote TB infection among elderly persons (31, 32) in which waning of immunological response with age initially results in a false-negative TST. The first TST reawakens the immune response so that a second TST will become positive. A two-step approach can reduce the likelihood that a boosted reaction to a subsequent TST will be misinterpreted as a recent infection or new conversion (9) . All chest x-rays were reviewed by one radiologist blinded to clinical information and the test results.
Statistical Analyses
Statistical analyses were conducted using STATA version 10 (STATA Corporation, College Station, TX). The t test or the Wilcoxon rank-sum test was used for comparisons of continuous variables between groups. Categorical variables were compared using the Pearson's 2 test or
Fisher's exact test as appropriate. A P value Ͻ0.05 was considered significant. All reported P values were two-sided. Concordance was calculated as the overall percent agreement between TST and QGIT using 2 ϫ 2 contingency tables. The strength of this agreement was assessed using the kappa () statistic (33) . Multivariable analysis of risk factors was done by logistic regression. The final model was selected using the forward selection method and likelihood ratio test. Age and sex were included in the model a priori.
Results
Of the 190 patients attending one hemodialysis center, 93 (49.0%) entered the study. None had active TB by chest x-rays or symptoms of fever, cough, or body weight loss. The mean age was 58.3 years (SD ϭ 14.9, range 16.8 to 93.5 years) with 35 men and 58 women (Table 1) . Over half (64.8%) had received BCG vaccination. Twenty-two (23.7%) patients had diabetes mellitus. Common causes of ESRD included chronic interstitial nephritis (n ϭ 38, 40.9%), chronic GN (n ϭ 15, 16.1%), and diabetic nephropathy (n ϭ 17, 18.3%). The median dialysis vintage was 6 years (interquartile range [IQR] 4 to 10 years). Only three (3.2%) patients admitted to contact with cases of active TB who were family members, and another one (1.2%) had a nonhousehold family member who had active TB. Nine (10.8%) patients had past TB disease, and six (6.5%) had evidence of past pulmonary TB on chest x-ray. Over one-quarter of patients (24 of TST TST was done in 91 patients and was positive in 27 (29.7%) patients using a 10-mm cutoff (one-step TST). Of the 64 (70.3%) who had a negative TST, only 51 patients completed a second TST (two-step TST). Overall, TST was positive in 53.9% (42 of 78) after a second TST was done. A booster effect occurred in 15 of 51 (29.4%) patients, halving the proportion having a nonreactive (0 mm) response from 40.7% to 19.2% (Figure 1 ). The median one-step TST induration was 5.3 mm (IQR 0.0 to 10.5), and the median two-step TST induration was 6.5 mm (IQR 0.0 to 10.0). TST reactivity was not influenced by BCG vaccination (P ϭ 0.60), but QGIT positivity tended to be lower in BCGvaccinated persons (50.0% versus 34.0%, P ϭ 0.17).
QGIT
Overall, 32 patients (34.4%, 95% CI 24.9 to 45.0) were positive by QGIT, and 10 patients (10.8%, 95% CI 5.3 to 18.9%) were indeterminate. The test was indeterminate in nine subjects because of insufficient response to PHA and in one subject because of a high background of IFN-␥ level. Excluding those with indeterminate results, 38.6% (95% CI 28.1 to 49.9) were positive by QGIT. QGIT was positive in all three patients who were in contact with TB patients, and in six of nine patients who had past TB disease. TB disease occurred Ͼ6 years previously in the three patients with a negative QGIT. Four patients with a history of TB disease had a false-negative TST.
There was a significantly increasing trend of a positive QGIT with increasing age by decade when excluding those Ͼ70 years (OR 1.93, 95% CI 1.04 to 3.58, P ϭ 0.04) (Figure 2 ). Although not reaching statistical significance, we observed that indeterminate results increased with increasing age by decade when excluding those Ͻ50 years of age (OR 2.09, 95% CI 0.77 to 5.63, P ϭ 0.15) (Figure 2 ) and were seen more frequently in patients with diabetes (18.2% versus 8.5%, P ϭ 0.24).
There was poor correlation between TST and QGIT at any cutoff criteria of TST (Table 2 ). In the 15 patients with nonreactive (0 mm) response in TST, 12 (80.0%) were also negative by QGIT, but 1 (6.7%) was positive and 2 (13.3%) were indeterminate.
Risk Factors for TST Positivity
On multivariable analysis, TST was less likely to be reactive in elderly patients Ͼ70 years of age (adjusted OR 0.18, 95% CI 0.04 to 0.89, P ϭ 0.04) ( Table 3 ). There was a decreasing trend of a reactive TST (Ն10 mm) with increasing age by decade when compared with patients Ͻ50 years of age (OR 0.65, 95% CI 0.43 to 0.99, test for trend, P ϭ 0.05) (Figure 2) . A significant increase in the frequency of a nonreactive TST (0 mm) was observed with increasing age (OR 1.97 per decade increase in age, 95% CI 1.14 to 3.40, test for trend, P ϭ 0.02).
Risk Factors for QGIT Positivity
Multivariable analysis showed that patients between 60 and 69 years of age (adjusted OR 5.10, 95% CI 1.07 to 24.28, P ϭ 0.04) and those with past TB disease (adjusted OR 5.32, 95% CI 1.01 to 28.03, P ϭ 0.05) had significantly higher risks of a positive QGIT after controlling for age, sex, and dialysis vintage (Table 4) . Dialysis vintage (Ն4 years) was associated with a negative QGIT result (adjusted OR 0.21, 95% CI 0.05 to 0.82, P ϭ 0.03). There was no difference in the distribution of age in those with different dialysis vintage (P ϭ 0.66).
There was a trend toward a positive QGIT with increasing age in those Ͻ70 years (OR 1.93, 95% CI 1.04 to 3.58, test for trend P ϭ 0.04) (Figure 2) , and a trend toward a negative QGIT with increasing dialysis vintage (OR 0.53, 95% CI 0.30 to 0.96, test for trend P ϭ 0.04).
Discussion
This study showed that hemodialysis patients from a country with an intermediate burden of TB has a high prevalence of latent TB using the QGIT (34.4%) and the two-step TST at a cutoff of 10 mm (53.9%). These results are consistent with our previous report (28) and use a newer version of QFT tests. A positive QGIT was significantly associated with age and those with past TB disease in dialysis patients, whereas the TST was not.
In contrast to previous studies done in dialysis patients in low-incidence countries (25, 26) where aging was associated with a positive TST, we found that older patients were more likely to have a negative TST. However, we also found that QGIT positivity correlated with aging (test for trend: OR 1.93, P ϭ 0.04), in patients Ͻ70 years of age, whereas TST reactivity displayed a negative trend with increasing age (OR 0.65, P ϭ 0.05). It appears that in elderly dialysis patients the QGIT was more frequently positive and the TST was less frequently positive.
Dialysis patients are not only at higher risk for reactivation of TB disease, but also more subject to patient-to-patient transmission within dialysis centers. Previous studies involved dialysis patients in countries with a low incidence of TB. In Geneva, Switzerland, QGIT positivity rate was 21% and 19% by TST (26) . In the United States, within the setting of contact investigation, QFT-G positivity was 22% and 26% by TST (25) . A study done in Tokyo, Japan (34) used QFT-G to evaluate dialysis patients with suspected active TB and found a positive rate of 17.9%. The high prevalence of latent TB infection in dialysis patients in this study supports the recommendations by the U.S. Centers for Disease Control that routine screening and treatment of latent TB infection should be done for dialysis patients (9) . This is especially important for foreign-born individuals from countries endemic for TB.
Patients in ESRD have high rates of cutaneous anergy when using the TST (10, 17) . A nonreactive TST (0 mm) may indicate that a patient did not have latent TB infection or had TB infection but was anergic. In our study, most (80.0%) patients with a nonreactive response were negative by QGIT; however, one (6.7%) had a positive QGIT and two (13.3%) were indeterminate. With increasing age, there was a significantly increased frequency of a positive test by QGIT, but, in contrast, the TST demonstrated a significantly increased proportion with a nonreactive (0 mm) result. Because the prevalence of latent TB infection is expected to increase with age, and older people lived in a time when TB was much more prevalent than in later generations (35, 36) , this finding suggests that QGIT better reflected the increased risk of TB infection with aging. Winthrop Excluded from analysis are those with indeterminate responses (n ϭ 10) and those without TST results (n ϭ 3).
et al. (25) also found during a contact investigation of dialysis patients that a positive QFT-G, but not a positive TST, was associated with increasing age.
The reduced prevalence of QGIT positivity in those aged Ն70 years compared with those younger along with an increased proportion showing an indeterminate response (16.7%), all because of lack of mitogen response, infer that impaired immune response to testing (i.e., anergy) may be a possible explanation. Another explanation would be survivor bias, in which selection bias of older people occurs in association with a high death rate in younger patients with TB. Cross-sectional studies done in countries with decreasing incidence of TB demonstrated the highest mortality in the older age groups, which reflected the higher risk of TB disease experienced by these cohorts when they were young (36) . However, for each birth cohort, mortality is highest in the young (aged 20 to 30 years) (35, 36) . Therefore, it is possible that individuals who survived to old age include those who did not contract TB in their youth and die, thus resulting in a lowered prevalence of latent TB infection in those Ͼ70 years of age.
In this study, a longer dialysis vintage (Ն4 years) was associated with a negative QGIT response. Hemodialysis itself may contribute to immune deficiency in ESRD patients through a proapoptotic effect due to direct blood contact with dialysis membranes that may affect the cell-mediated immune reactions (37) . The significance of indeterminate tests is not clear but may represent anergy in the case in which there is insufficient response to PHA (positive mitogen control). Indeterminate responses may occur up to 10.2% in routine clinical practice (38) and are associated with elderly and immunocompromised patients, such as those with HIV/AIDS, lymphocytopenia, and hypoalbuminemia (38) . In our study, patients with hypoalbuminemia, but not malnutrition, tended to have an indeterminate response. In children, indeterminate results correlated with age and immune status (39) . In dialysis patients, indeterminate results occurred in 8% of QFT and 11% of T-SPOT-TB (26) , and up to 24.1% using QFT in those with suspected TB in Japan (27) . Indeterminate results occurred in only 6.3% of dialysis patients compared with none of the healthy controls in a small study done by our group (28) . The study presented here showed an indeterminate response in 10.8% of dialysis patients. We also observed increasing indeterminate results with increasing age by decade when excluding those Ͻ50 years of age, although this did not reach statistical significance (OR 2.09, P ϭ 0.15). The reason why a high proportion of indeterminate results occurred in those Ͻ50 years of age was not immediately apparent.
The limitations of this study include the lack of a gold standard for the diagnosis of latent TB infection, which will require long-term follow-up for development of active TB disease. Up to February 2010 (16 months of follow-up), none of the patients developed active TB. Another limitation is that history of contact with TB patients was subject to recall bias, and contact may have occurred unbeknown to the patient. However, past and active TB disease was ascertained using the hospital TB database.
In conclusion, we found a high prevalence of latent TB infection in dialysis patients in a country with an intermediate burden of TB using TST and QGIT. QGIT in dialysis patients correlated better than TST with the risk of TB infection (e.g., age) and past TB disease.
